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(54) Colour correction apparatus and method for an image system 



(57) Disclosed are a colour correction apparatus 
and method thereof in an image system capable of au- 
tomatically processing the colour correction by storing 
a reference colorimetric data regarding a predetermined 
test pattern for estimating the colour correction in a stor- 
age medium and then scanning the estimating test pat- 
tern so that the colour correction can be performed min- 



imizing an error between the reference data and the 
scanning data obtained by scanning the test pattern. As 
a result, the colour correction can be performed without 
using an optical densitometer or a colorimeter, and the 
operation for correcting the colour can be performed 
without the knowledge of the colour coordinate system 
or colour signal. 
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Description 

The present invention relates to a colour correction apparatus and method thereof for an image system. 

Conventionally, an image system is intended to mean a system which acquires, processes, outputs, converts, 
5 transmits, improves, etc. image signals to achieve a desired aim. For example, an image system comprising a printer 
and a scanner is well known. In particular, a multifunctional machine which integrates the printer and scanner and 
performs a document output function is a good example of an image system. 

FIG. 1 is a schematic block diagram of a conventional multifunctional machine. 

As shown in Figure 1, the conventional multifunctional machine includes a central processing unit (CPU) 1 which 
10 controls and processes data according to a specified program; a scanner 2 which transmits digital image data to the 
CPU 1 by converting the characteristics of a document to be transmitted into electrical signals according to the optical 
characteristic; a memory unit 3 which stores program data, protocol data, character data and recorded audio data and 
accesses or stores the data according to instructions from the CPU 1; a modem 4 which modulates the data output 
from the CPU 1 into an analogue format and demodulates the received input signal and then outputs them under the 
15 control of the CPU 1 ; an encoding/decoding unit 5 which encodes or decodes the data under the control of the CPU 

1 for efficiently processing the data input to/output from the modem 4; a network controller 6 which forms a communi- 
cation loop of a telephone line and provides an interface between a signal of the modem 4 and a signal of the telephone 
line under the control of the CPU 1; an operating panel 7 equipped with a plurality of keys and a display device, via 
which various commands can be input and information can be displayed under the control of the CPU 1 ; a computer 

20 which has a main memory and an auxiliary memory; and a printer 9 which prints the original information through an 
optional transmission line or prints the data stored in a computer 8. 

The scanner 2 which is a typical colour image input unit is the most common means for scanning printed data, 
photographs, figures or characters formed manually, and it is an essential component of a multifunctional machine, a 
document translating machine, CAD computer, facsimile, or a character recognition machine. 

25 After illuminating an object, for example a document, with light having a certain light-emitting spectrum, the scanner 

2 performs a photoelectric conversion which converts the optical information which is reflected from the object into an 
electrical signal using a photoelectric conversion device such as a charge coupled device (CCD), thereby acquiring 
the image information. 

In addition, the printer 9, which is a typical image output device, is a device for recognizing and storing the data 
30 which is processed by the computer and then outputting the data into a document format. It is an essential component 
part of a multifunctional machine, personal computer (PC), facsimile, electronic cash register, and cash dispenser. 
Conventionally, a daisy wheel printer, pin printer, ink jet printer, or a laser printer is used (most commonly an ink jet or 
laser printer). 

Due to colour printers such as a colour laser printer, a colour Inkjet printer and devices equipped with printers as 
35 essential component parts, printing the document including the colour image data and characters is gradually spread. 

Multicolour images can be printed on a printable medium by utilizing a plurality of toners in the case of the colour laser 

printer, and a plurality of ink cartridges in the case of the colour ink jet printer. Conventionally, the colour printer realizes 

multiple colours using a YMCK (Yellow, Magenta Cyan blacK) method. In other words, by using toner or ink having 

four colours of yellow, magenta, cyan and black, the multiple colours can be realized. 
40 As the supply of colour printers increases, high quality or high definition printing is a prime consideration, rather 

than the resolution of the printed image which is a prime consideration in the case of black and white printing. 

The colour image of the image system can be obtained through a colour resolution process which extracts the 

size of the optical information over the spectrum band having three (3) waves of red, green and blue from a multicoloured 

visible image. 

45 The colour reproduction characteristic of a colour image is determined according to whether the colour resolution 

characteristic maintains a linear relation to the optical system of a human being. At this time, when the spectrum 
characteristic, i.e., energy ratio per three waves and the size of the absolute light quantity maintain the linear relation 
to the visual characteristic of the human optical system, regardless of the operating conditions, a good colour repro- 
duction characteristic can be obtained. 

50 a spectral optical system comprising the illuminating light, image sensor and a colour resolution filter has the 

individual variation in which a minute difference between the characteristics is generated. Moreover, the spectral optical 
system has an age-based variation in which the characteristics are changed based on time, according to the variation 
of an operating condition, such as operating temperature. Since these variations cause the linear colour reproduction 
characteristic to be distorted, it is necessary to properly control the spectrum characteristic, individual variation and 

55 aged-based variation of the light quantity in order to maintain a good colour reproduction characteristic. 

There are known prior art devices adapted to maintain the correct colour temperature by controlling the electrical 
operating conditions such as the current and voltage of the illuminating light and by controlling the spectrum charac- 
teristic and light quantity, and having a means for amplifying the electrical output signal of a sensor for controlling the 
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individual variation of the image sensor 

However, in order for the operating condition of the spectral optical system (comprising the illuminating light, image 
sensor and the colour resolution filter) to maintain a linear relation to the visual characteristic of the human optical 
system, it is not enough to control each of the component parts individually. In other words, it is necessary to control 
5 the spectrum characteristic over the entire system. 

To comply with those necessities, there exists prior art disclosing the conventional colour correction apparatus and 
methods which correct the spectrum characteristic of the spectral optical system and the individual variation of the light 
quantity in an image system. 

FIG. 2 is a waveform illustrating the visual characteristic of the human optical system and the spectral spectrum 
10 characteristic of the image system. In Figure 2, the dotted line waveform indicates the spectral spectrum characteristic 
of the image system. The solid line waveform indicates the vision of a reference human observer as defined by the 
Commission International de I'Eclairage (CIE). 

Referring to FIG. 2, the colour correction process is performed by allowing the visual characteristic of the human 
optical system (indicated by the solid line) to be aligned with the spectral spectrum characteristic of the image system 
is (indicated by the dotted line). 

The colour correction process is performed through mathematical operations which are very complicated. It is 
necessary to acquire the cooperation of a volunteer. The colour correction process is carried out by one of three methods 
for setting the correlation between the visual characteristic of the human optical system and the spectral spectrum 
characteristic of the image system: a linear transformation method; a polynomial transformation method; or a 3-dimen- 
20 sional look-up table method. 

Firstly, the linear transformation method is explained below. Assuming that the wave is X, the spectrum character- 
istic of the reflected colour is C(X), and the colour resolution filters of red, green and blue colours of the image input 
system are f^X), f G (X) and f B (X), respectively. Outputs S G and S B of the image sensors of red, green and blue 
colours are as follows. 

25 

S R = J C(X)f R (X)dX 
S G =\C(X)f G (X) dX 

S B = \ C(X)f B (X)dX (1) 



Here, the integrating range has the wave bandwidth of 3B0nm to 780nm which is the range of the visible ray 
Representing the characteristics of the colour resolution filters of red, green and blue colours as I R (X), / G (^ ) and l B (X), 
the outputs of the image sensors of ideal red, green and blue colours P Rj P G and P B are as follows. 



P R =IC(X)! R (X)dX 

p G = ! c(X)i G (X)dX 

P B =SC(X)l B (X)dX (2) 



In the formula (2), assuming that estimated values of l R {X), f G (X) and l B (X) are JpiX), J G {X) and l B (X), the_/ R (X), f G 
(X) and J B (X) are indicated as follows. ~ _ 

f R = a^f R (X)+a, 2 f G (X)+a, 3 f B (?.) 
i G = a 2 ^f R (X)+a 22 f G (X)+a 23 f B (X) 

[b = a 31 f R (^a 32 f G (X) + a 33 f B (X) (3) 

Here, a^, a 12 , a 13 , a 21 , a 22 , a 23 , a 31 , a 32 and a 33 are real numbers, which are coefficients for reflecting gains of 
the relevant colour resolution filters. At this time, outputs P^ P G and P B of the estimated image sensors are indicated 
as follows. _ ~ 
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^ = a n lf R (X)C(X)+aJf G (X)C(X) + aJf B (X)C(X) 
P G = a 2 ,lf R (X)C(X) + a^f G (X)C(X) +a23 !f B (X)C(X) 



p b = a 3 ,Sf R (X)C(X) + a 32 !f G {X)C(X) +a33 !f B (X)C{X) 



(4) 



Referring to formula 1 , the formula 4 can be expressed 
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with a matrix as follows. 



(5) 



The colour correction based on the linear transformation method is performed using the formula (5). 

Secondly, the polynomial transformation method is explained. This method is similar to the above-described linear 
transformation method in relation to performing the colour correction by forming an optimum matrix. Whilst the linear 
transformation method only uses the outputs S R , S G and S B of the image sensors of red, green and blue colours, the 
polynomial transformation method uses the outputs S R , S G and S B , their square terms of S R 2 S G 2 and S B 2 , their 
multiplying terms of S^Sq, S^S b and S G S B , and their constant terms, thereby optimizing the 3x9 matrix. These are 
expressed in a matrix related formula. 
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Thirdly the 3-dimensional look-up table method is explained. It is a method of forming a look-up table by corre- 
sponding the P R ,P G and P B to each of the S R , S G and S e in the RGB colour coordinate system. In the case that each 
of the R, G, B colours is quantized in a 8-bit, the size of the look-up table is 2 8 x 2 s x 2 8 , i.e., 2 24 t and thereby a large 
amount of memory is required and it takes much time to make up the look-up table. In order to solve the problem, the 
3-dimensional RGB space is divided into small sized 3-dimensional spaces and the look-up table is formed regarding 
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these points. Afterwards, regarding points which are included in the small sized 3-dimensional space and excluded 
from the look-up table, a method for analogizing a interpolation has been tried. 

With respect to the accuracy of the colour correction, the three above<Jescribed colour correction methods are 
ranked in the following order: the 3-dimensional look-up table method, the polynomial transformation method and finally 
5 the linear transformation method. Regarding the cost for realizing the colour correction, the methods are ranked in the 
following order: the linear transformation method, the polynomial transformation method and (most expensive) the 
3-dimensional look-up table method. 

Accordingly, the selection of the colour correction method can be decided according to the designing target and 
technological aim for the colour correction environment. 
10 Conventionally since the colour reproduction assumes that the human optical system and the visual characteristic 

is not accurately prescribed with a specific function, the 3-dimensional look-up table method which maps the relation 
between an input mapping and the visual characteristic to 1 :1 is the most essential approaching method. 

On the other hand, the linear transformation method and polynomial transformation method which are transformed 
by the matrix perform the colour correction by connecting the input/output characteristics of the image system and the 
*s visual characteristic to the specific function. Since these two methods can simply perform the colour corrections, they 
are widely used. 

The accuracy of the linear transformation method and polynomial transformation method depends on the input/ 
output characteristics of the image system and the linear transformation possibility to the colour coordinate system to 
be corrected. Generally, when the RGB colour coordinate system is mutually converted into the XYZ colour coordinate 
20 system linearly, the linear transformation method can be used. However, when the RGB colour coordinate system is 
converted non-linearly into the YMCK (Yellow Magenta Cyan blacK) colour coordinate system, which is the typical 
colour space in the field of printing used in a device using colours such as the printer or CIE L*a*b, the polynomial 
transformation method or the 3-dimensional look-up table method is usually used. 

Physically, nine multipliers and three adders are required in the linear transformation method, and twenty-seven 
25 multipliers and twenty-seven adders are required in the polynomial transformation method. In the case of 3-dimensional 
look-up table method, when each of RGB colours is 8 bit, a storage space of 2 16 byte is required. 

For reference, CIE l_*a*b is an equal perception space recommended by the CIE in 1 976, which is the perception 
space having an even difference among the three reference colours. Its formal name is CIE1 976L*a*b. 
Below, the term "colour specification system" is explained: 
30 The amount of the three primary colours which satisfies the matching colour condition by the combination of the 

three primary colours can be defined as the colour specification. 

In 1 931 , in order to solve the inconvenience of the RGB colour coordinate system in which the value of red colour 
is negative (-) in the wavelength of 440 to 545nm, the CIE defined an XYZ colour coordinate system having three 
primary colours wherein red has a wavelength of 700nm, green has a wavelength of 546. Inm and blue has a wavelength 
35 of 435.8nm, respectively 

In other words, the XYZ colour coordinate system of the CIE sets new primary colours of X, Y, Z, removes the 
negative quantity, and then selects three primary colours so that a triangle formed by the new primary colours can 
includes a spectrum colour path in its inner part. Here, the three primary colours are virtual colours and the values of 
X, Y and Z are conventionally called tri-stimuli. 
40 Since each of the primary colours in the XYZ colour coordinate system is virtual, it is set to satisfy the following 

conditions. 

First, all colours can be matched by mixing the fixed quantity of the primary colours. That is, the triangle formed 
by the primary colours of X, Y and Z surrounds the spectrum. Second, the primary colours of X and Z are located on 
the plane of the RGB space whose luminance is zero. That is, only the primary colour Y has the stimulus on the 
45 luminance, and the primary colours X and Z have only the colours and chroma. 

At this time, the conversion formula of the colour coordinate system Is as follows. 
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Here, the formula Y = 0.299R + 0.5B7G + 0. 114B is a RGB signal and it is the typical conversion formula used 
when combining to the luminance signal Y. 

Below, the conventional colour correction apparatus and method of using the test pattern in the image system are 
explained. 

£ After scanning the preset test pattern through the image input unit, the colour correction is performed by comparing 

an output test pattern output through the image output device with the preset test pattern either with the naked eye, 
or by comparing the measured results of the test pattern and the output test pattern after measuring the patterns using 
a colorimeter 

In the case of the colour correction performed with the naked eye, since the colour distortion characteristic gen- 

10 erated by the image system can be discriminated by the naked eye, the subjective element can be included in deter- 
mination and there is a physical difficulty in finding the exact colour distortion characteristic. Moreover, the operator 
who performs the colour correction should have much knowledge about the colour signal. 

In the case of the colour correction performed by the colorimeter, there is an economic burden to prepare the costly 
colorimeter. Moreover, since the colour correction process cannot be automated, it takes much time for the operator. 

is Similarly, the operator who performs the colour correction should have much knowledge about the colour signal. 

Using the colour correction apparatus and method in the image system according to the conventional art (including 
the colour correction apparatus and method using the conventional test pattern), the colour correction to a certain part 
is accomplished by correcting the spectrum characteristic of the spectral optical system and the individual variation of 
the light quantity. However, they cannot properly cope with the age-based variation which is generated by the operating 

20 condition or the environmental difference when performing the colour correction of the image system. 

Furthermore, in the conventional image system, the colour image input unit is used attached to another image 
device having different colour reproduction characteristics such as a monitor, printer and a communication device 
instead of being used separately. Currently, since the colour reproduction characteristics of each image device are 
different, a technology capable of performing a device-independent colour correction would be desirable. 

25 Therefore, it is an object of the present invention to perform a colour correction adaptively according to a spectrum 

characteristic of a spectral optical system, age-based variation and an individual variation of the light quantity in order 
to perform the colour correction regardless of the spectrum characteristic of the spectral optical system, age-based 
variation and the individual variation of the light quantity. The colour correction is performed in order that the spectrum 
characteristic can have a linear relation to the human visual system. 

30 Preset reference colorimetric data relating to a test pattern for measuring the colour correction is stored in a storage 

medium, and the colour correction process is performed in order to reduce the error between scanning data obtained 
by scanning the measured test pattern and the reference colorimetric data to the minimum, thereby scanning a pre- 
scribed measuring test pattern document. As a result, the colour correction process is automatically performed. 

It is another object of the present invention to provide a colour correction apparatus and method thereof for an 

35 image system capable of performing a gray level correction prior to performing the colour correction in order to acquire 
the linearity of gray level characteristics regarding each spectrum of RGB colours. 

According to one aspect of the present invention, there is provided a colour correction apparatus for an image 
system including a photoelectric conversion unit which radiates an illuminating light having a certain light emitting 
spectrum to an object and outputs spectral information regarding the RGB colours reflected from said object after 

40 converting the information into electrical signals, comprising: 

a reference data storage unit which stores a reference gray level data and a reference colorimetric data measured 
from an achromatic test pattern and a chromatic test pattern of a preset test pattern, respectively, by accumulating 
the data in a database system; 

45 a correction coefficient calculating unit including a colour correction coefficient calculating unit which calculates a 

colour correction coefficient matrix which reduces an error between a colorimetric scanning data and said reference 
colorimetric data to the minimum according to a specified colour correction method after receiving said colorimetric 
scanning data obtained by scanning the chromatic test pattern through said photoelectric conversion unit; and 
a colour correction unit including a colour correction processing unit which receives the colour correction coefficient 

50 matrixf rom the correction coefficient calculating unit, performs a linear transformation applying the colourcorrection 

coefficient matrix to an output of the photoelectric conversion unit and then outputs the result after converting into 
a specified colour coordinate system. 

Preferably, the correction coefficient calculating unit further includes a gray level correction coefficient calculating 
55 unit for calculating a gray level correction coefficient matrix which reduces an error between a gray level scanning data 
and said reference gray level data to the minimum after receiving said gray level scanning data obtained by scanning 
said achromatic test pattern through the photoelectric conversion unit. 

Preferably, the colour correction unit further includes a gray level correction processing unit which receives said 
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colour correction coefficient matrix from said gray level correction coefficient calculating unit, performs the linear trans- 
formation applying said gray level correction coefficient matrix to the output of said photoelectric conversion unit and 
then applies the outputs to said colour correction processing unit. 

Preferably, the reference data storage unit includes: a reference gray level data storage unit which stores the 
reference gray level data measured through an optical densitometer from the achromatic test pattern of the test pattern 
by accumulating the data in the database system; and a reference colorimetric data storage unit which stores the 
reference colorimetric data measured through the colorimeter from the chromatic test pattern of the test pattern by 
accumulating the data in the database system. 

Preferably, the correction coefficient calculating unit further comprises a colour correction conversion matrix cal- 
culating unit which calculates a colour correction conversion matrix through a matrix multiplication in the order of said 
gray level correction coefficient matrix and colour correction coefficient matrix. Preferably, the colour correction unit 
performs the linear transformation applying the colour correction conversion matrix to the output of the photoelectric 
conversion unit, and then outputs the output of the photoelectric conversion unit after converting into a specified colour 
coordinate system. 

According to another aspect of the present invention, a colour correction method for an image system which per- 
forms the colour correction process through a linear transformation applying a colour correction conversion matrix to 
an input data obtained by scanning an input target document includes the steps of: 

generating first scanning data of a first gray level scanning data and a first colorimetric scanning data by scanning 
an achromatic test pattern and a chromatic test pattern of a preset test pattern, respectively; 
calculating a first gray level correction coefficient for calculating a first gray level correction coefficient matrix which 
reduces an error between a reference gray level data and said first gray level scanning data to the minimum by 
reading said reference gray level data from a storage medium which stores said reference gray data previously 
measured from said achromatic test pattern; 

performing a first gray level correction for acquiring a linearity of gray level characteristics regarding each colour 
by generating a first gray level correction colorimetric data through the linear transformation applying said first gray 
level correction coefficient matrix to said first colorimetric scanning data; 

calculating a first colour correction coefficient for calculating a first correction coefficient matrix which reduces an 
error between a reference colorimetric data and said first gray level correction colorimetric data to the minimum 
according to a specified colour correction method by reading the reference colorimetric data from the storage 
medium which stores said reference colorimetric data previously measured from the chromatic test pattern; and 
calculating a first colour correction conversion matrix through the matrix multiplication in the order of said first gray 
level correction coefficient matrix and the first colour correction coefficient matrix and setting said first colour cor- 
rection conversion matrix as said colour correction conversion matrix. 

The colour correction of the image system preferably further includes the steps of: 

generating an output test pattern including an achromatic output pattern and a chromatic output pattern by out- 
putting a first colour correction data generated by the linear transformation applying said first colour correction 
conversion matrix to said first gray level scanning data and first colorimetric scanning data through a colour image 
output unit; 

generating second scanning data of a second gray level scanning data and a second colorimetric scanning data 
by scanning the achromatic output pattern and chromatic output pattern included in said output test pattern, re- 
spectively; 

calculating a second gray level correction coefficient for calculating a second gray level correction coefficient matrix 
which reduces an error between said reference gray level data and said second gray level scanning data to the 
minimum by reading the reference gray level data from the storage medium which stores the reference gray level 
data; 

performing a second gray level correction for acquiring the linearity of gray level characteristics regarding each 
colour by generating a second gray level correction colorimetric data through the linear transformation applying 
said second gray level correction coefficient matrix to said second colorimetric scanning data; 
calculating a second colour correction coefficient for calculating a second colour correction coefficient matrix which 
reduces an error between said reference colorimetric data and said second gray level correction colorimetric data 
to the minimum according to a specified colour correction method by reading said reference colorimetric data from 
the storage medium which stores the reference colorimetric data; and 

calculating a second colour correction conversion matrix through the matrix multiplication in the order of the second 
colour correction coefficient matrix, second gray level correction coefficient matrix and said first colour correction 
conversion matrix, and setting the second colour correction conversion matrix as said colour correction conversion 
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matrix. 

According to another aspect of the present invention, a colour correction method for an image system which per- 
forms a colour correction process through a linear transformation applying a colour correction conversion matrix to an 
5 input data obtained by scanning an input target document comprises the steps of: 

generating an output test pattern including an achromatic output pattern and a chromatic output pattern by reading 
a reference gray level data and a reference colorimetric data previously measured from an achromatic test pattern 
and a chromatic test pattern of a preset test pattern, respectively from a storage medium and outputting said 
10 re f erence g ra y level data and reference colorimetric data through a colour image output unit; 

generating scanning data of a gray level scanning data and a colorimetric scanning data by scanning the achromatic 
output pattern and chromatic output pattern included in the output test pattern, respectively, through a colour image 
input unit; 

calculating a gray level correction coefficient for calculating a gray level correction coefficient matrix which reduces 
15 an error between said reference gray level data and said gray level scanning data to the minimum by reading the 

reference gray level data from the storage medium which stores the reference gray level data; 
performing a gray level correction for acquiring a linearity of gray level characteristics regarding each colour by 
generating a gray level correction colorimetric data through the linear transformation applying the gray level cor- 
rection coefficient matrix to the colorimetric scanning data; 
20 calculating a colour correction coefficient for calculating a colour correction coefficient matrix which reduces an 

error between the reference colorimetric data and the gray level correction colorimetric data to the minimum ac- 
cording to a specified colourcorrection method by reading said reference colorimetric data from the storage medium 
which stores said reference colorimetric data; and 

calculating a colour correction conversion matrix through a matrix multiplication in the order of said colour correction 
25 coefficient matrix and gray level correction coefficient matrix. 

Preferably said test pattern includes an achromatic test pattern on which an achromatic colour is divided equally 
at certain positions according to the optical density; and a chromatic test pattern using a Macbeth colour rendition chart 
on which a plurality of chromatic colours are divided equally at other positions. 
30 Preferably, the specified colourcorrection method is one selected from a lineartransformation method, a polynomial 

transformation method and a 3-dimensional look-up table method. 

Preferably, the specified colour coordinate system is the XYZ colour coordinate system of the Commission Inter- 
national de I'Eclairage (CIE), which is a device-independent colour coordinate system. 

A more complete appreciation of the present invention, and many of the attendant advantages thereof, will become 
3S readily apparent with reference to the following detailed description as illustrated by the accompanying drawings in 
which like reference numerals indicate the same or similar components, wherein; 

FIG. 1 is a schematic block diagram of a conventional multifunctional machine; 

FIG. 2 is a waveform illustrating a visual characteristic of a human optical system and a spectral spectrum char- 
40 acteristic of an image system; 

FIG. 3 is an illustrative view illustrating a test pattern used in a colour correction apparatus and method of colour 
correction in an image system according to the present invention; 

FIG. 4 is a block diagram illustrating an embodiment of a colour correction apparatus according to the present 
invention; 

45 FIG. 5 is a schematic block diagram illustrating a preferred embodiment of the colour correction apparatus of the 

present invention; 

FIG. 6 is a graph illustrating gray level characteristics of a conventional image system before performing a gray 
level correction; 

FIG. 7 is a graph illustrating an ideal gray level correction; 
50 FIGs. 8A and 8B are conceptual views illustrating a preferred embodiment of the colour correction apparatus of 

the present invention; 

FIG. 9 is a flowchart illustrating an embodiment of a colour correction method according to the present invention; 
FIG. 10 is a flowchart illustrating another embodiment of the colour correction method according to the present 
invention; 

55 FIG. 11 is a flowchart illustrating a further embodiment of the colour correction method according to the present 

invention; 

FIG. 12 is a block diagram illustrating another embodiment of the colour correction apparatus according to the 
present invention; 



8 



EP 0 891 078 A2 



FIGs. 1 3A and 1 3B are conceptual views illustrating another embodiment of the colour correction apparatus of the 
present invention; and 

FIGs. 14A and 14Bare a flow chart illustrating another embodiment of the colour correction method according to 
the present invention. 

5 

The objects, characteristics and advantages of the above-described invention will be more clearly understood 
through the preferred embodiments, described below byway of example only, with reference to the attached drawings. 

A colour correction apparatus and method of colour correction in an image system according to the present inven- 
tion are explained with reference to the attached drawings. 
10 Prior to explaining the apparatus and method of the present invention, an embodiment of a test pattern which is 

used for calculating a colour correction conversion matrix in the present invention is explained for clarity with reference 
to FIG. 3. 

As shown in Figure 3, the test pattern 10 includes an achromatic test pattern 11 on which an achromatic colour is 
evenly divided at predetermined positions according to the optical density; and a chromatic test pattern 12 on which 
16 a plurality of chromatic colours are divided at other positions. 

In other words, the test pattern 10 includes the achromatic test pattern 11 on which the achromatic colour which 
is gradually divided according to the reflectance (i.e., the optical density) is evenly divided; and the chromatic test 
pattern 12 on which the chromatic colours such as red, green, blue, cyan, magenta, yellow, etc. are evenly divided. 

In the test pattern 10, the achromatic test pattern 11 is for a gray level correction, and the chromatic test pattern 
20 12 is for a colour correction. As the number of colours increases, the correction becomes more accurate and it takes 
more processing time to calculate a correction coefficient. 

The geometrical arrangement of the test pattern 10 is important to accumulate a measuring data and a scanning 
data for calculating the correction coefficient in a database system. At the achromatic test pattern 11, the chromatic 
colour having optical density of OD 0.0 is located at position from (x0, yO) which is a reference starting point on a test 
25 pattern document to (x1 , y1 ). The achromatic colour is horizontally equally divided maintaining an interval of dl in the 
width and length in the order of OD 0.1, OD 0.2, OD 0.3, OD 0.4, OD 0.5, OD 0.6, OD 0.7, OD 0.8, OD 0.9 : OD 1.0 
and OD 1.1. 

In addition, the chromatic test pattern 12 comprises the chromatic colours equally divided in 4 rows and 6 columns. 

At positions from (xO, yO) which is the reference starting point to (x2, y2), a dark skin colour is positioned in the 1 st row 
30 and 1 st column. Next to the dark skin colour in the 1 st row, colours in the following order are positioned: light skin, blue 

sky, foliage, blue flower and bluish green. In the 2 nd row, colours in the following order are positioned: orange, purplish 

blue, moderate red, purple, yellow green and orange yellow. In the 3 rd row, colours in the following order are positioned: 

blue, green, red, magenta, cyan and yellow. Lastly, in the 4 th row, colours in the following order are positioned: white, 

neutral 8, neutral 6.5, neutral 5, neutral 3.5 and black. 
35 All of the colours have the width and length of d2 and are equally divided horizontally and vertically Generally, for 

the chromatic colours, a Macbeth colour rendition chart can be used. 

There are several preconditions for performing the colour correction of the present invention. The first precondition 

is to provide the test pattern 10 including the aforesaid achromatic and chromatic colours. The second precondition is 

to store a reference gray level data (an optical density value) and a reference colorimetric data (a tri-stimuli value of 
40 the CIE-XYZ colour coordinate system), each measured through an optical densitometer and a colorimeter from the 

achromatic test pattern 11 and the chromatic test pattern 12 of the test pattern, into storage media respectively by 

accumulating in the database system. 

The CIE-XYZ colour coordinate system is the colour coordinate system which is the foundation of chromatics. As 

described above, the CIE-XYZ colour coordinate system performs a coordinate conversion so that all colour matching 
45 functions can have a positive(+) value, and supplies tri-stimuli which are three new virtual primary colours corresponding 

to the colours of RGB of the CIE. The reason of converting the RGB colour coordinate system adopted by the colour 

image input unit into the CIE-XYZ colour coordinate system is that the CIE-XYZ colour coordinate system supplies a 

device-independent colour coordinate system. 

Generally, in order to perform the colorimetric colour correction, it is essential that the spectral characteristic of a 
50 colour separation system of the colour image input unit (such as a scanner) approximates to the colour matching 

function. 

In other words, the colorimetric colour correction is performed when a quality factor (QF) of a Neugebour of the 
system satisfying a Router condition approximates to 1. Under the condition, after obtaining an approximate function 
relation between the RGB colour coordinate system of the colour image input unit and the CIE-XYZ colour coordinate 
55 system, the approximate function is applied to the RGB colour coordinate system of the colour image input unit, thereby 
obtaining the device-independent CIE-XYZ colour coordinate system. 

The reference gray level data and reference colorimetric data are measured through the minute optical densito- 
meter in order to obtain the reliability. The optical density values of all the achromatic colours based on the achromatic 
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test pattern 11 are measured through the optical densitometer and then accumulated in the database system. The tri- 
stimuli values of all the chromatic colours based on the chromatic test pattern 1 2 are measured through the colorimeter 
and then accumulated in the database system. 

The colour correction process of the conventional image system including the present invention is performed 
5 through the linear transformation by applying the colour correction conversion matrix to the input data obtained by 
scanning the input target document. At this time, the accuracy of the colour correction conversion matrix determines 
the performance of the colour correction process which allows the linearity between the spectrum characteristic of the 
image system and the virtual characteristic of the human being. 

The colour correction process of the image system is roughly divided into a colour correction conversion matrix 

io calculating process for calculating the colour correction conversion matrix; and a colour correction process for per- 
forming the actual colour correction by applying the colour correction conversion matrix to the input data obtained by 
scanning the input target document. The operation of the latter is a simply calculating operation which applies the 
colour correction conversion matrix of the former to the input data. Accordingly, the operation of the former is very 
important in the technical aspect or operational aspect of the colour correction technology. Conventionally, the colour 

75 correction conversion matrix calculating process is performed when initializing the image system or when users deter- 
mine that the colou r correction is to be newly performed according to the changed operating condition or environment, 
rather than performing the process whenever the input data is applied. 

Hereinafter, one embodiment of the colour correction apparatus of the image system according to the present 
invention is explained with reference to FIG. 4. 

20 FIG. 4 is a block diagram illustrating one embodiment of the colour correction apparatus, illustrating one example 

using a scanner which is a typical colour image input unit. 

As shown in FIG. 4, according to one embodiment of the colour correction apparatus, the apparatus, including a 
photoelectric conversion unit 20 which radiates an illuminating light having a certain light emitting spectrum to an object 
and outputs the spectral information regarding the RGB colours reflected from the object after converting into electrical 

25 signals, includes: a reference colorimetric data storage unit 31 which stores the reference colorimetric data measured 
from the chromatic test pattern 12 of the preset test pattern 10 by accumulating in the database system; a colour 
correction coefficient calculating unit 41 which calculates the colour correction coefficient matrix which reduces an error 
between the colorimetric scanning data and reference colorimetric data to the minimum after receiving the colorimetric 
scanning data obtained by scanning the chromatic test pattern 12 through the photoelectric conversion unit 20; and a 

30 colour correction processing unit 51 which receives the colour correction coefficient from the colour correction coeffi- 
cient calculating unit 41, performs the linear transformation applying the colour correction coefficient matrix to the 
output of the photoelectric conversion unit 20, and then outputting the result after converting into a specified colour 
coordinate system. 

The operation of this embodiment of the colour correction apparatus is based on the assumption that the test 
35 pattern 1 0 including the chromatic test pattern 1 2 comprising the chromatic colours is provided, and the reference gray 
level data which is the optical density value measured through the optical densitometer from the chromatic test pattern 
12 of the test pattern 1 0 is stored in the reference colorimetric data storage unit 31 . 

First, the photoelectric conversion unit 20 equipped with the charged couple device (CCD) as a photoelectric 
conversion element radiates the illuminating light having a certain light-emitting spectrum to the object. Afterwards, 
40 the photoelectric conversion unit 20 converts the spectral information about each of the RGB colours reflected from 
the object into electrical signals and then outputs these signals. 

The colour correction coefficient calculating unit 41 calculates the colour correction coefficient matrix which reduces 
the error between the colorimetric scanning data and reference colorimetric data to the minimum according to the 
specified colour correction method after receiving the colorimetric scanning data obtained by scanning the chromatic 
45 test pattern 12 through the photoelectric conversion unit 20. At this time, the colour correction method is performed 
through one of either the linear transformation method, the polynomial transformation method or the 3-dimensional 
look-up table method. 

Next, the colour correction processing unit 51 receives the colour correction coefficient matrix from the colour 
correction coefficient calculating unit 41, performs the linear transformation applying the colour correction coefficient 
50 matrix to the output of the photoelectric conversion unit 20, and then outputs the result after converting into the CIE- 
XYZ colour coordinate system (the device-independent colour coordinate system). 

Hereinafter, a preferred embodiment of the colour correction apparatus according to the present invention is ex- 
plained with reference to FIG. 5. 

FIG. 5 is a block diagram roughly illustrating another example using the scanner which is a typical colour image 
55 input unit. 

The same reference numerals are allotted to the same component parts which perform similar functions to the 
embodiment of the colour correction apparatus according to FIG. 4. 

As shown in FIG. 5, the colour correction apparatus 100, including the photoelectric conversion unit 20 which 
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radiates the illuminating light having a certain light emitting spectrum to the object and outputs the spectral information 
regarding the RGB colours reflected from the object after converting into electrical signals, includes: a reference data 
storage unit 30 which stores a reference gray level data and a reference colorimetric data measured from an achromatic 
test pattern and a chromatic test pattern of a preset test pattern, respectively by accumulating the data in the database 
s system; a correction coefficient calculating unit 40 which calculates a gray level correction coefficient matrix to reduce 
an error between a gray level scanning data obtained by scanning the achromatic test pattern 11 received through the 
photoelectric conversion unit 20 and the reference gray level data to the minimum, performs the linear transformation 
applying the gray level correction coefficient matrix to a colorimetric scanning data obtained by scanning the chromatic 
test pattern 12 through the photoelectric conversion unit 20, and calculates the colour correction coefficient matrix 
10 which reduces the error between the colorimetric scanning data and reference colorimetric data to the minimum ac- 
cording to a specified colour correction method; and a colour correction unit 50 which receives the gray level correction 
coefficient matrix and colour correction coefficient matrix from the correction coefficient calculating unit 40, performs 
the linear transformation applying the gray level correction coefficient matrix and applying the colour correction coef- 
ficient matrix to the output of the photoelectric conversion unit 20 : and outputs the result after converting into a specified 

is colour coordinate system. 

Here, the reference data storage unit 30 includes a reference gray level data storage unit 32 which stores the 
reference gray level data measured through the optical densitometer from the achromatic test pattern 11 of the test 
pattern 10 by accumulating the data in the database system; and a reference colorimetric data storage unit 31 which 
stores the reference colorimetric data measured through the colorimeter from the chromatic test pattern 12 of the test 

20 pattern 10 by accumulating the data in the database system. 

The correction coefficient calculating unit 40 includes a gray level correction coefficient calculating unit 42 which 
calculates the gray level correction coefficient matrix which reduces the error between the gray level scanning data 
and reference gray level data to the minimum by receiving the gray level scanning data obtained by scanning the 
achromatic test pattern 11 through the photoelectric conversion unit 20; and a colour correction coefficient calculating 

25 unit 41 which calculates a colour correction coefficient matrix which reduces an error between a gray level correction 
colorimetric data and reference colorimetric data to the minimum according to a specified colour correction method 
after forming the gray level correction colorimetric data through the linear transformation applying the gray level cor- 
rection coefficient matrix to the colorimetric scanning data. 

In addition, the colour correction unit 50 includes: a gray level correction processing unit 52 which receives the 

30 gray level correction coefficient matrix from the gray level correction coefficient calculating unit 42 and performs the 
linear transformation applying the gray level correction coefficient matrix to the output of the photoelectric conversion 
unit 20; and a colour correction processing unit 51 which performs the linear transformation applying the colour cor- 
rection coefficient matrix to the output of the gray level correction processing unit 52, and outputs the result after 
converting into a specified colour coordinate system. 

35 As described above, the test pattern 1 0 preferably includes the achromatic test pattern 11 on which the achromatic 

colour is divided equally at certain positions according to the optical density; and the chromatic test pattern 12 using 
a Macbeth colour rendition chart on which a plurality of chromatic colours are divided equally at other positions. 

The specified colour correction method is one of either the linear transformation method, the polynomial transfor- 
mation method or the 3-dimensional look-up table method. Preferably, the specified colour coordinate system is the 

40 XYZ colour coordinate system of the Commission International de I'Eclairage (CIE), which is a device-independent 
colour coordinate system. 

The operation of this embodiment of the colour correction apparatus is on the assumption that the test pattern 10 
includes the achromatic test pattern 11 comprising the achromatic colour and the chromatic test pattern 1 2 comprising 
the chromatic colours, and the reference gray level data which is the optical density value and the reference colorimetric 

45 data which is the tri-stimuli of the CIE-XYZ colour coordinate system each measured through the optical densitometer 
and the colorimeter from the achromatic test pattern 11 and chromatic test pattern 12 of the test pattern 10 are stored 
in the reference gray level data storage unit 32 and reference colorimetric data storage unit 31 , respectively. 

First, the photoelectric conversion unit 20 equipped with the charged couple device (CCD) as a photoelectric 
conversion element radiates the illuminating light having a certain light-emitting spectrum to the object. Afterwards, 

50 the photoelectric conversion unit 20 converts the spectral information about each of the RGB colours reflected from 
the object into the electrical signals and then outputs these signals. 

Next, the gray level correction coefficient calculating unit 42 of the correction coefficient calculating unit 40 calcu- 
lates the gray level correction coefficient matrix which reduces an error between the gray level scanning data and 
reference gray level data to the minimum after receiving the gray level scanning data obtained by scanning the ach- 

55 romatic test pattern 11 through the photoelectric conversion unit 20. Similarly, the colour correction coefficient calcu- 
lating unit 41 of the correction coefficient calculating unit 40 calculates the colour correction coefficient matrix which 
reduces the error between a gray level correction colorimetric data and the reference colorimetric data to the minimum 
according to a specified colour correction method afterforming the gray level correction colorimetric data by performing 
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the linear transformation applying the gray level correction coefficient matrix to the colorimetric scanning data, 

At this time, the colour correction method selects one of either the linear transformation method, the polynomial 
transformation method or the 3-dimensional look-up table method. 

The reason for performing the gray level correction process through calculating the gray level correction coefficient 
s matrix prior to calculating the colour correction coefficient matrix is to have the good reproduction characteristic of the 
achromatic colour in order to obtain the good colour reproduction characteristic. In addition, it is because a small 
variation in aspect of a colour balance influences the achromatic colour rather than the chromatic colour. 

The conventional gray level correction is explained as follows. The gray level correction is to match the gray level 
reproduction characteristic with the visual characteristic of the human being. The aim of the gray level correction is to 
10 control the gradient between the optical density of the document image and optical density of the reproduction image 
to have the linearity on the having two axes of the optical density of the document and optical density of the reproduction 
image. This gradient is called a y curve or a gray level reproduction curve. In order to have the desirable gray level 
reproduction characteristic, it is necessary to perform a y correction which allows the linearity to the y curve. The y 
correction is the typical example of the gray level correction. 
75 The gray level reproduction is to enhance the similarity between the optical density of each of the RGB colour 

signals of the document image and the optical density of the reproduction image. While the colour reproduction deals 
with the hue and saturation, the gray level deals with the image reproduction capacity of the luminance. 

FIG. 6 is a graph illustrating the gray level characteristics of the conventional image system before performing the 
gray level correction. Referring to FIG. 6, the optical density of the reproduction image of the conventional colour image 
20 input unit is not matched with the optical density of the document, and there is the characteristic difference according 
to the RGB colour signals. 

FIG. 7 is a graph illustrating an ideal gray level correction. The solid line indicates the gray level reproduction 
characteristic of the luminance signal combining the RGB signal of the conventional image system such as the scanner, 
and the dotted line indicates an ideal gray level reproduction characteristic, which shows the optical density of the 
2S document and the optical density of the reproduction image have the linearity. In other words, the ideal gray level 
correction is to match the gray level reproduction characteristic of the conventional image system indicated with the 
solid line with the ideal gray level reproduction characteristic indicated with the dotted line. 

Here, the reason for setting the reference coordinate values of the horizontal axis and vertical axis with the optical 
density OD, the photoelectric conversion element such as CCD has the characteristic proportional to the reflectance, 
30 and the visual characteristic of the human being has the algebraical function characteristic to the reflectance. The 
relationship between the optical density OD and reflectance r is explained in the following formula 8: 

OD = f-logi; (8) 

35 

which means the human visual system is relatively insensitive to the variation of the light quantity of the bright light. 
On the contrary, the human visual system is relatively sensitive to the minute variation of the dark light. 

The main factors in poor colour balance are the colour temperature of the illuminating light, the spectral sensitivity 
characteristic, the non-linear characteristic of an analogue/digital converter and amplifiers of each RGB channel, etc. 

40 Where appropriate actions are not taken, the cofour reproduction characteristic of the achromatic document including 
shading elements becomes poor. In other words, the achromatic image has the chromatic elements in the reproduction 
image. This means the hue element has another value rather than 0 degrees in a colour ring. 

Finally, the colour correction unit 50 receives the gray level correction coefficient matrix from the gray level cor- 
rection coefficient calculating unit 42 through the gray level correction processing unit 52, performs the linear transfor- 

45 mation applying the gray level correction coefficient matrix to the output of the photoelectric conversion unit 20, and 
then outputs the result. Afterwards, the colour correction unit 50 receives the output of the gray level correction process- 
ing unit 52 through the colour correction processing unit 51, performs the linear transformation applying the colour 
correction coefficient matrix to the output of the gray level correction processing unit 52, and then outputs the result 
by converting into the CIE-XYZ colour coordinate system (a device-independent colour coordinate system). 

50 The correction coefficient calculating unit 40 preferably further includes a colour correction conversion matrix cal- 

culating unit (not illustrated) which calculates the colour correction conversion matrix through a matrix multiplication in 
the order of the gray level correction coefficient matrix and the colour correction coefficient matrix. The colour correction 
unit 50 has a benefit in processing speed when performing the linear transformation once applying the colour correction 
conversion matrix to the output of the photoelectric conversion unit 20, instead of performing the linear transformation 

55 using the gray level correction coefficient matrix to the output of the photoelectric conversion unit 20, and then suc- 
cessively performing the linear transformation applying the colour correction coefficient matrix. 

The linear transformation performed twice can be substituted to perform once, and the results of these two cases 
are the same. 
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FIGs. 8A and SB are conceptual views illustrating a preferred embodiment of the colour correction apparatus of 
according to the present invention. FIG. 8A is a block diagram illustrating a system model of the colour image input 
unit whose colour correction is not performed; and FIG. BB is a block diagram illustrating a system model of the colour 
image input unit whose colour correction is performed. 
5 As shown in FIG. 8A, assuming that the colour distortion characteristic of the colour image input unit 200 is indicated 

as a matrix [h], and the RGB signal of the input data is indicated as [P]=[R G B] T , when the input data [P]=[R G B] T is 
applied to the colour image input unit 200, the output [S] of the colour image input unit 200 is indicated in the following 
equation: [S]=[h] [p]. Here, the T means a transpose matrix. 

Assuming the colour correction conversion matrix which is applied to obtain the same output as the input data by 
to removing the colour distortion characteristic is [M], the complete colour correction is performed when satisfying the 
following equation [S cc ] = [M] [h] [P] = [P], as shown in FIG. SB, wherein [S cc ] is the output whose colour is corrected. 

In other words, it means an ideal colour correction can be performed when the colour correction conversion matrix 
[M] becomes an inverse matrix [h]~ 1 of the colour distortion matrix [h]. 

However, since there are many physical restrictions in calculating the accurate inverse matrix [h]' 1 of the colour 
15 distortion matrix [h] by analyzing the colour distortion characteristic, the essence of the colour correction process is to 
calculate the colour correction conversion matrix capable of optimally approaching to the inverse matrix [h] -1 of the 
colour distortion matrix [h] within the restriction. 

Below, a further embodiment of the colour correction method according to the present invention is explained with 
reference to FIG. 9. 

20 As shown in FIG. 9, the colour correction method of the image system which performs the colour correction process 

through the linear transformation applying the colour correction conversion matrix to the input data obtained by scanning 
the input target document includes the steps of: generating a colorimetric scanning data by scanning the chromatic 
test pattern 12 of the test pattern 10 (step 1); and calculating a colour correction conversion matrix which reduces an 
error between the reference colorimetric data and colorimetric scanning data to the minimum according to a specified 
25 colour correction method by reading the reference colorimetric data from the storage medium which stores the reference 
colorimetric data measured from the chromatic test pattern 12 (step 2). 

Here, the chromatic test pattern 12 of the test pattern 10 is a pattern using a Macbeth colour rendition chart in 
which a plurality of chromatic colours are equally divided in other positions. 

Moreover, the specified colour correction method is selected from one of the linear transformation method, the 
30 polynomial transformation method and the 3-dimensional look-up table method. 

The performing process of the preferred embodiment of the colour correction method of the image system accord- 
ing to the present invention is explained, referring to FIGs. 4 to 9. 

The performing process of the colour correction method is on the assumption that the test pattern 10 includes the 
chromatic test pattern 12 comprising the chromatic colours, and the reference gray level data which is the optical 
35 density value measured through the optical densitometer from the chromatic test pattern 12 of the test pattern 10 is 
stored in the reference colorimetric data storage unit 31. 

First, after generating the colorimetric scanning data by scanning the chromatic test pattern 12 of the test pattern 
10 through the photoelectric conversion unit 20 at step 1 of generating the scanning data, the colour correction con- 
version matrix which reduces the error between the reference colorimetric data and colorimetric scanning data to the 
40 minimum is calculated by reading the reference colorimetric data from the reference colorimetric data storage unit 31 
through one of either the linear transformation method, the polynomial transformation method or the 3-dimensional 
look-up table method at step 2 of calculating the colour correction conversion matrix. 

The actual colour correction process is performed through the linear transformation by applying the colour correc- 
tion conversion matrix calculated at step 2 to the input data obtained by scanning the input target document. 
45 At this time, after performing the linear transformation applying the gray level correction coefficient matrix to the 

output of the photoelectric conversion unit 20 and outputting the result, the output of the gray level correction processing 
unit 52 is received through the colour correction processing unit 51 . After performing the linear transformation applying 
the colour correction coefficient matrix to the output of the gray level correction processing unit 52, the result is converted 
into the CIE-XYZ colour coordinate system (a device-independent colour coordinate system) and then output. 
50 Hereinafter, a preferred embodiment of the colourcorrection method according to the present invention is explained 

with reference to FIG. 10. 

FIG. 10 is a flowchart illustrating a preferred embodiment of the colour correction method. 

As shown in the Figure 1 0, the colour correction method of the image system which performs the colour correction 
process through the linear transformation applying the colour correction conversion matrix to the input data obtained 
55 by scanning the input target document includes the steps of: generating scanning data of a gray level scanning data 
and a colorimetric scanning data by scanning an achromatic test pattern 11 and a chromatic test pattern 12 of a preset 
test pattern 10, respectively (step 10) ; calculating a gray level correction coefficient matrix which reduces an error 
between the reference gray level data and the gray level scanning data to the minimum by reading the reference gray 
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level data from the storage medium which stores the reference gray level data previously measured from the achromatic 
test pattern 11 (step 20); performing a gray level correction for acquiring a linearity of gray level characteristics regarding 
each colour by generating a gray level correction colorimetric data through the linear transformation applying the gray 
level correction coefficient matrix to the colorimetric scanning data (step 30) ; calculating a colour correction coefficient 

5 for calculating a correction coefficient matrix which reduces an error between a reference colorimetric data and the 
gray level correction colorimetric data to the minimum according to a specified colour correction method by reading 
the reference colorimetric data from the storage medium which stores the reference colorimetric data previously meas- 
ured from the chromatic test pattern 12 (step 40) ; and calculating a colour correction conversion matrix through the 
matrix multiplication in the order of the colour correction coefficient matrix and the gray level correction coefficient 

10 matrix (step 50). 

Here, the test pattern 10 includes the achromatic test pattern 11 in which the achromatic colour is equally divided 
in certain positions according to the optical density and the chromatic test pattern 12 which uses the Macbeth colour 
rendition chart in which a plurality of chromatic colours are equally divided in its other positions. 

The specified colour correction method is preferably one method selected from the linear transformation method, 
is the polynomial transformation method and the 3-dimensional look-up table method. The specified colour coordinate 
system is preferably the CIE-XYZ colour coordinate system (a device-independent colour coordinate system). 

The performing process of the colour correction method of the image system according to the present invention 
is explained, referring to FIGs, 5 to 10. 

At step 10, the gray level scanning data and colorimetric scanning data are generated by scanning the achromatic 
20 test pattern 11 and chromatic test pattern 12 of the test pattern 10 through the photoelectric conversion unit 20, re- 
spectively. 

Next, at step 20, by reading the reference gray level data from the reference gray level data storage unit 32 which 
stores the reference gray level data previously measured from the achromatic test pattern 11 , the gray level correction 
coefficient matrix which reduces the error between the reference gray level data and the gray level scanning data to 

25 the minimum is calculated. At step 30, the linearity of gray level characteristics of each colour is obtained by generating 
the gray level correction colorimetric data through the lineartransformation applying the gray level correction coefficient 
matrix to the colorimetric scanning data. 

At step 40, by reading the reference colorimetric data from the reference colorimetric data storage unit 31 which 
stores the reference colorimetric data previously measured from the chromatic test pattern 12, the colour correction 

30 coefficient matrix which reduces the error between the reference colorimetric data and the gray level correction color- 
imetric data to the minimum is calculated according to the specified colour correction method. Finally, at step 50, the 
colour correction conversion matrix is calculated by the matrix multiplication in the order of colour correction coefficient 
matrix and the gray level correction coefficient matrix through the colour correction conversion matrix calculating unit 
(not illustrated). 

35 The actual colour correction process is performed through the lineartransformation applying the colour correction 

conversion matrix calculated at step 50 to the input data obtained by scanning the input target document. 

After performing the lineartransformation applying the gray level correction coefficient matrix to the output of the 
photoelectric conversion unit 20 and outputting the result, the output of the gray level correction processing unit 52 is 
received through the colour correction processing unit 51 . Similarly, after performing the linear transformation applying 
40 the colour correction coefficient matrix to the output of the gray level correction processing unit 52, the result is outputted 
after converting into the CIE-XYZ colour coordinate system (a device-independent colour coordinate system). 

Here, the step 40 of calculating the colour correction coefficient is explained in detail. The step 40 is a process for 
obtaining the colour correction coefficient matrix by substituting the relation between the data obtained by scanning 
the chromatic test pattern 12 and the gray level correction colorimetric data into the aforesaid formula 5 or 6, under 
45 the condition that gray level correction of the image system according to RGB channels is actually completed through 
the process of calculating the gray level correction coefficient matrix, i.e., under the condition that the linearity of gray 
level characteristics of RGB colours of the image system is acquired. 

For ease of understanding, assume that the reference colorimetric data which are the measuring values of the 
chromatic colours of the test pattern 10 are accumulated in the database system inside of the image system and then 
50 are P R/ P G/ and P Bh and the gray level correction colorimetric data generated through the linear transformation applying 
the gray level correction coefficient matrix to the colorimetric scanning data, i.e., the scanning values of each of the 
chromatic colours included in the chromatic test pattern 12 are S Hh S G/ and S Bi . Here, ] is an index value of each of 

the chromatic colour, which has the value of 1 , 2, 3, n, where n indicates the total number of chromatic colours. 

For ease of understanding, assuming that the specified colour correction method adopts the linear transformation 
55 method by the 3x3 matrix, the process of calculating the colour correction coefficient matrix is explained. 

Assuming that estimated values whose colour is corrected by a proper colour correction filter as in the formula 5 
are P nh P e/ and P Bj , the colour correction coefficient matrix can be calculated by calculating a least mean square error 
(LMSE) oFall the chromatic colours with a condition which reduces an error between the gray level correction colori- 



14 



EP 0 891 078 A2 



metric data S Rlt S G/ and S e/ and the colour corrected estimated values P Rb P Gi and P^-to the minimum. 

In other words, the least mean square errors of the gray level correction colorimetiTc data S Rh S e/ and S s/ and the 
colour corrected estimated values P Rb P G/ and P^-are indicated as in the following formula 9. 
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In order to satisfy the formula 9, a necessary condition is indicated in the following formula 10. 
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Referring to the formula 10, the colour correction coefficient matrix is obtained as in the following formula 11: 
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55 



wherein i is the index of each of the chromatic colours and n is the total number of chromatic colours. 
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By repeatedly performing the process of the present invention which is performed in the order of steps 10, 20, 30, 
40 and 50, more accurate colour correction conversion matrix is calculated, thereby maximizing the efficiency of the 
present invention. 

Hereinafter, another embodiment of the colour correction method of the present invention is explained with refer- 
s enceto FIG. 11. 

As shown in Figure 11 , the colour correction method of the image system which performs the colour correction 
process through the linear transformation, applying an colour correction conversion matrix to an input data obtained 
by scanning an input target document, includes the steps of: generating an output test pattern including an achromatic 
output pattern and a chromatic output pattern by reading a reference gray level data and a reference colorimetric data 

to previously measured from the achromatic test pattern 11 and chromatic test pattern 12 of the preset test pattern 10 
respectively and outputs the reference gray level data and reference colorimetric data through a colour image output 
unit (step 100); generating scanning data of a gray level scanning data and a colorimetric scanning data by scanning 
the achromatic output pattern and chromatic output pattern included in the output test pattern, respectively (step 110); 
calculating a gray level correction coefficient for calculating a gray level correction coefficient matrix which reduces an 

15 error between the reference gray level data and the gray level scanning data to the minimum by reading the reference 
gray level data from the storage medium which stores the reference gray level data (step 120); performing a gray level 
correction for acquiring a linearity of gray level characteristics regarding each colour by generating a gray level cor- 
rection colorimetric data through the linear transformation applying the gray level correction coefficient matrix to the 
colorimetric scanning data (step 130); calculating a colour correction coefficient for calculating a colour correction 

20 coefficient matrix which reduces an error between the reference colorimetric data and the gray level correction color- 
imetric data to the minimum according to a specified colour correction method by reading the reference colorimetric 
data from the storage medium which stores the reference colorimetric data (step 140); and calculating a colour cor- 
rection conversion matrix through the matrix multiplication in the order of the colour correction coefficient matrix and 
gray level correction coefficient matrix (step 1 50). 

25 The test pattern 10 includes the achromatic test pattern 11 on which the achromatic colour is divided equally at 

certain positions according to the optical density; and the chromatic test pattern 12 using the Macbeth colour rendition 
chart on which a plurality of chromatic colours are divided equally at other positions. 

The specified colour correction method is one of the linear transformation method, the polynomial transformation 
method or the 3-dimensional look-up table method. 

30 Referring to FIGs. 11 to 12, the performing process of another embodiment of the colour correction method of the 

image system is explained. 

Prior to explaining the performing process of the colour correction method of the image system, another embodi- 
ment of the colour correction apparatus of the image system according to the present invention is explained with 
reference to FIG. 1 2. 

35 FIG. 12 is a block diagram illustrating another embodiment of the colour correction apparatus of the image system, 

which shows the structure of an example combining the scanner, i.e., the typical colour image input unit and the printer, 
i.e., the typical colour image output unit. 

The same reference numerals are allotted to the same component parts which perform similar functions to the 
embodiment of the colour correction apparatus of the image system shown in FIG. 5. 

40 The colour correction apparatus of the image system including a photoelectric conversion unit 20 which radiates 

an illuminating light having a certain light emitting spectrum to an object and outputs the spectral information regarding 
the RGB colours reflected from the object after converting into electrical signals, includes: a reference data storage 
unit 30 which stores a reference gray level data and a reference colorimetric data measured from an achromatic test 
pattern 11 and a chromatic test pattern 12 of a preset test pattern 10, respectively by accumulating the data in the 

45 database system; a colour image output unit 110 which outputs an output test pattern 10a including an achromatic 
output pattern 11a and a chromatic output pattern 12a after reading the reference gray level and the reference color- 
imetric data from the reference data storage unit 30, respectively; a correction coefficient calculating unit 40 which 
calculates a gray level correction coefficient matrix which reduces an error between a gray level scanning data and 
the reference gray level data to the minimum by receiving the gray level scanning data obtained by scanning the 

so achromatic output pattern 11a through the photoelectric conversion unit 20; and then calculates a colour correction 
coefficient matrix which reduces an error between a colorimetric scanning data and the reference scanning data to the 
minimum after performing the linear transformation applying the gray level correction coefficient matrix to the colori- 
metric scanning data obtained by scanning the chromatic output pattern 1 2a through the photoelectric conversion unit 
20; and a colour correction unit 50 which performs the linear transformation applying the gray level correction coefficient 

55 matrix and the colour correction coefficient matrix to the output of the photoelectric conversion unit 20 after receiving 
the gray level correction coefficient matrix and colour correction coefficient matrix from the correction coefficient cal- 
culating unit 40, and then outputs the result after converting into a specified colour coordinate system. 

Here, the reference data storage unit 30 includes a reference gray level data storage unit 32 which stores the 
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reference gray level data measured through an optical densitometer from the achromatic test pattern 11 of the test 
pattern by accumulating the data in the database system; and a reference colorimetric data storage unit 31 which 
stores the reference colorimetric data measured through a colorimeter from the chromatic test pattern 12 of the test 
pattern 10 by accumulating the data in the database system. 

s In addition, the correction coefficient calculating unit 40 includes a gray level correction coefficient calculating unit 

42 which calculates the gray level correction coefficient matrix which reduces the error between the gray level scanning 
data and reference gray level data to the minimum by receiving the gray level scanning data obtained by scanning the 
achromatic output pattern 11a through the photoelectric conversion unit 20; and a colour correction coefficient calcu- 
lating unit 41 which calculates a colour correction coefficient matrix which reduces an error between a gray level cor- 

10 rection colorimetric data and the reference colorimetric data to the minimum according to a specified colour correction 
method after forming the gray level correction colorimetric data by performing the linear transformation applying the 
gray level correction coefficient matrix to the colorimetric scanning data obtained by scanning the chromatic output 
pattern 12a. 

The colour correction unit 50 includes a gray level correction processing unit 52 which receives the gray level 
is correction coefficient matrix from the gray level correction coefficient calculating unit 42 and performs the linear trans- 
formation applying the gray level correction coefficient matrix to the output of the photoelectric conversion unit 20; and 
a colour correction processing unit 51 which performs the linear transformation applying the colour correction coefficient 
matrix to the output of the gray level correction processing unit 52, and outputs the result after converting into a specified 
colour coordinate system. 

20 As described above, the test pattern 1 0 includes the achromatic test pattern 1 1 on which the achromatic colour is 

evenly divided at predetermined positions according to the optical density; and the chromatic test pattern 1 2 on which 
a plurality of chromatic colours are divided at other positions. 

In addition, the specified colour correction method is one selected from the linear transformation method, the 
polynomial transformation method and the 3-dimensional look-up table method. Preferably, the specified colour coor- 
ds dinate system is XYZ colour coordinate system of the Commission International de I'Eclairage (CIE), which is one of 
the device-independent colour coordinate systems. 

The performing process of another embodiment of the colour correction method according to the present invention 
is explained with reference to FIGs. 11 and 12. 

First, at step 100, the output test pattern 10a including the achromatic output pattern 11a and chromatic output 

30 pattern 12a is generated each by reading the reference gray level data and reference colorimetric data from the ref- 
erence data storage unit 30 through the colour image output unit 110. At step 110, the gray level scanning data and 
colorimetric scanning data are generated by scanning the achromatic output pattern 11a and chromatic output pattern 
12a included in the output test pattern 10a, respectively through the photoelectric conversion unit 20. 

Afterwards, at step 120, by reading the reference gray level data from the reference gray level data storage unit 

35 32 which stores the reference gray level data, the gray level correction coefficient calculating unit 42 calculates the 
gray level correction coefficient matrix which reduces an error between the reference gray level data and gray level 
scanning data to the minimum. At step 130, the gray level correction processing unit 52 obtains the linearity of gray 
level characteristics regarding each colour by generating the gray level correction colorimetric data through the linear 
transformation applying the gray level correction coefficient matrix to the colorimetric scanning data. 

40 At step 1 40, the colour correction coefficient calculating unit 41 calculates the colour correction coefficient matrix 

which reduces an error between the reference colorimetric data and gray level correction colorimetric data to the min- 
imum according to a specified colour correction method by reading the reference colorimetric data from the reference 
colorimetric data storage unit 31 which stores the reference colorimetric data. Afterwards, at step 150, the colour 
correction conversion matrix calculating unit (not illustrated) calculates the colour correction conversion matrix through 

45 the matrix multiplication in the orderofthe colour correction coefficient matrix and gray level correction coefficient matrix. 

Here, the step 140 is explained in detail. It is a process of obtaining the colour correction coefficient matrix by 
substituting the relation between the data obtained by scanning the chromatic test pattern 12 and the gray level cor- 
rection colorimetric data into the aforesaid formula 5 or 6, under the state that gray level correction of the image system 
according to RGB channels is actually completed through the process of calculating the gray level correction coefficient 

50 matrix, i.e., underthe state that the linearity of gray level characteristics of RGB colours of the image system is acquired. 
Since the process of step 140 is similar to that of step 40, repeated explanation is omitted. 

FIGs. 13A and 13B are conceptual views illustrating a preferred embodiment of the colour correction apparatus 
of the image system according to the present invention. FIG. 1 3A is a block diagram illustrating a system model which 
combines the colour image input unit and colour image output unit in which the colour correction is not performed; and 

55 FIG. 1 3B is a block diagram illustrating a system model which combines the colour image input unit and colour image 
output unit in which the colour correction is performed. 

As shown in FIG. 13A, assuming that the colour distortion characteristics of the colour image input unit 200 and 
colour image output unit 110 are indicated as matrixes [h] and [h 1 ], respectively and the RGB signal of the input data 



17 



EP 0 891 078 A2 



is indicated as [P]=[R G B] T , when the input data [P]=[R G B] T is applied to the colour image input unit 200, the output 
[S] of the colour image input unit 200 is indicated in the equation of [S]=[h] [p], and the output [S 1 ] of the colour image 
output unit 110 is indicated in the equation of [S']=[h'] [h] [P]. Here, the T means a transpose matrix. 

Assuming the colour correction conversion matrix which is applied to obtain the same output as the input data by 
5 removing the colour distortion characteristic is [M], the complete colour correction is performed when satisfying the 
following equation [S' CC ]=[M] [h] [h'] [P]=[P], as shown in FIG. 1 3B, wherein [S' cc ] is the output whose colour is corrected. 

In other words, this means an ideal colour correction can be performed when the colour correction conversion 
matrix [M] becomes an inverse matrix [h']~ 1 [h]~ 1 of the colour distortion matrix of the colour image input unit 200 and 
colour image output unit 110. 

to However, since there are many physical restrictions in calculating the accurate inverse matrix [h']" 1 [h]" 1 of the colour 

distortion matrix by accurately analyzing the colour distortion characteristic, the essence of the colour correction proc- 
ess is to calculate the colour correction conversion matrix [M] capable of optimally approaching to the inverse matrix 
[h'J-^h]- 1 of the colour distortion matrix of the colour image input unit 200 and colour image output unit 110 within the 
restriction. 

1£ In the embodiment of the colour correction apparatus of the image system according to the present invention, the 

colour image output unit 110 generates the output test pattern by reading the reference gray level data and reference 
colorimetric data from the reference data storage unit 30. Here, it is also possible to generate the output test pattern 
by locating a storage medium in the colour image output unit 110 for performing function similar to the reference data 
storage unit 30. 

20 As described above, the colour correction apparatus of the image system according to the preferred embodiment 

of the present invention lessens a burden in managing and keeping the test pattern. In addition, more accurate colour 
correction process can be performed by repeatedly performing the operation of applying the colour-corrected output 
test pattern outputted from the colour image output unit 110 to the colour image input unit 200 after performing the 
colour correcting once. 

25 |n other words, by repeatedly performing the process of the present invention which is performed in the order of 

steps 1 1 0, 1 20, 1 30, 1 40 and 1 50, more accurate colour correction conversion matrix is calculated, thereby maximizing 
the efficiency of the present invention. 

Hereinafter, another embodiment of the colour correction method of the image system is explained with reference 
to FIGs. 14Aand 14B. 

30 As shown in Figures 14A and 14B, the colour correction method of the image system which performs the colour 

correction process through the linear transformation applying a colour correction conversion matrix to input data ob- 
tained by scanning an input target document includes the steps of: generating first scanning data of a first gray level 
scanning data and a first colorimetric scanning data by scanning an achromatic test pattern 11 and a chromatic test 
pattern 12 of a test pattern 10 (step 200); calculating a first gray level correction coefficient for calculating a first gray 

35 level correction coefficient matrix which reduces an error between a reference gray level data and the first gray level 
data to the minimum by scanning the reference gray level data from a storage medium which stores the reference gray 
level data previously measured from the achromatic test pattern 11 (step 210); performing a first gray level correction 
for acquiring the linearity of gray level characteristics regarding each colour by generating a first gray level correction 
colorimetric data through the linear transformation applying the first gray level correction coefficient matrix to the first 

40 colorimetric scanning data (step 220); calculating a first correction coefficient for calculating a first colour correction 
coefficient matrix which reduces an error between a reference colorimetric data and the first gray level correction 
colorimetric data to the minimum according to a specified colour correction method by reading the reference colorimetric 
data from the storage medium which stores the reference colorimetric data previously measured from the chromatic 
test pattern 12 (step 230); generating an output test pattern including an achromatic output pattern and a chromatic 

45 output pattern by outputting a first colour correction data generated through the linear transformation applying the first 
colour correction coefficient matrix to the first gray level correction data through the colour image ou tput unit (step 240); 
generating second scanning data of a second gray level scanning data and a second colorimetric scanning data by 
scanning the achromatic output pattern and chromatic output pattern included in the output test pattern, respectively 
(step 250); calculating a second gray level correction coefficient for calculating a second gray level correction coefficient 

50 matrix which reduces an error between the reference gray level data and the second gray level scanning data to the 
minimum by reading the reference gray level data from the storage medium which stores the reference gray level data 
(step 260); performing a second gray level correction for acquiring the linearity of gray level characteristics regarding 
each colour by generating a second gray level correction colorimetric data through the linear transformation applying 
the second gray level correction coefficient matrix to the second colorimetric scanning data (step 270); calculating a 

55 second colour correction coefficient for calculating a second colour correction coefficient matrix which reduces an error 
between the reference colorimetric data and second gray level correction colorimetric data according to the specified 
colour correction method by reading the reference colorimetric data from the storage medium which stores the reference 
colorimetric data (step 280); and calculating a colour correction conversion matrix through the matrix multiplication in 
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the order of the second colour correction coefficient matrix, second gray level correction coefficient matrix, first colour 
correction coefficient matrix and the first gray level correction coefficient matrix (step 290). 

Here, the test pattern 10 includes the achromatic test pattern 11 in which the achromatic colour is equally divided 
in certain positions according to the optical density and the chromatic test pattern 12 which uses the Macbeth colour 

$ rendition chart in which a plurality of chromatic colours are equally divided in its other positions. 

The specified colour correction method is preferably one of the lineartransformation method, the polynomial trans- 
formation method and the 3-dimensional look-up table method. 

Another embodiment of the colour correction method of the image system according to the present invention is 
explained with reference to FIGs. 12 to 14. 

10 First, at step 200, the first gray level scanning data and first colorimetric scanning data are formed by scanning 

the achromatic test pattern 11 and chromatic test pattern 1 2 of the test pattern 11 , respectively through the photoelectric 
conversion unit 20. Afterwards, at step 210, the gray level correction coefficient calculating unit 42 calculates the first 
gray level correction coefficient matrix which reduces an error between the reference gray level data and first gray 
level scanning data to the minimum by reading the reference gray level data from the reference gray level data storage 

15 unit 32a which stores the reference gray level data previously measured from the achromatic test pattern 11 . At step 
220, the linearity of gray level characteristics regarding each colour is acquired by generating the first gray level cor- 
rection colorimetric data through the lineartransformation applying the first gray level correction coefficient matrix to 
the first colorimetric scanning data. To obtain the linearity of gray level characteristics is to obtain the linearity with the 
human visual characteristic by removing the gray level distortion characteristic which is generated by the colour image 

20 input unit. 

Afterwards, at step 230, the first colour correction coefficient matrix is calculated, which reduces an error between 
the reference colorimetric data and the first gray level correction colorimetric data to the minimum by reading the 
reference colorimetric data from the reference colorimetric data storage unit 31 which stores the reference colorimetric 
data previously measured from the chromatic test pattern 12. 

25 At step 240, the output test pattern 10a including the achromatic output pattern 11a and the chromatic output 

pattern 12a is formed by reading the reference gray level data and reference colorimetric data from the reference data 
storage unit 31, respectively, through the colour image output unit 110. At step 250, the second gray scanning data 
and second colorimetric scanning data are generated by scanning the achromatic output pattern 11a and chromatic 
output pattern 12a of the output test pattern 10a, respectively, through the photoelectric conversion unit 20. 

30 Afterwards, at step 260, the gray level correction coefficient calculating unit 32 calculates the second gray level 

correction coefficient matrix which reduces an error between the reference gray level data and second gray level 
scanning data to the minimum by reading the reference gray level data from the reference gray level data storage unit 
32 which stores the reference gray level data. At step 270, the linearity of gray level characteristics regarding the each 
colour is acquired by generating the second gray level correction colorimetric data through the linear transformation 

35 applying the second gray level correction coefficient matrix to the second colorimetric scanning data. Here, to obtain 
the linearity of gray level characteristics is to obtain the linearity with the human visual characteristic by removing the 
gray level distortion characteristic which is generated by the colour image output unit. 

At step 2B0, the colour correction coefficient calculating unit 33 calculates the second colour correction coefficient 
matrix which reduces an error between the reference colorimetric data and second gray level correction colorimetric 

40 data to the minimum according to the specified colour correction method by reading the reference colorimetric data 
from the reference colorimetric data storage unit 31 which stores the reference colorimetric data. Afterwards, at step 
29, the colour correction conversion matrix calculating unit (not illustrated) calculates the colour correction conversion 
matrix through the matrix multiplication in the order of the second colour correction coefficient matrix, second gray level 
correction coefficient matrix, first colour correction coefficient matrix and the first gray level correction coefficient matrix. 

45 Here, the steps 230 and 280 of calculating the first and second coefficients, respectively, are explained in detail. 

Each of the steps is a process of obtaining the colour correction coefficient matrix by substituting the relation between 
the data obtained by scanning the chromatic test pattern 12 and the gray level correction colorimetric data into the 
aforesaid formula 5 or 6, underthe condition that gray level correction of the image system according to RGB channels 
is actually completed through the process of calculating the gray level correction coefficient matrix, i.e., under the 

50 condition that the linearity of gray level characteristics of RGB colours of the image system is acquired. Since the 
process of steps 230 and 280 is similar to that of step 140, repeated explanation is omitted. 

Referring to FIGs. 13A and 13B, the entire concept of another embodiment of the colour correction apparatus 
according to the present invention is explained in more detail. 

According to another embodiment of the colour correction apparatus of the image system, in the case where the 

55 output test pattern output through the colour image output unit 110 is scanned through the colour image input unit 200, 
a feedback loop regarding the input/output is formed. Accordingly, after performing the colour correction once, more 
accurate colour correction processing can be performed by repeating the operation of applying the colour-corrected 
output test pattern outputted from the colour image output unit 110 to the colour image input unit 200 again. 
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By repeatedly performing the process of the present invention which is performed in the order of steps 200, 210, 
220, 230, 240, 250, 260, 270, 280 and 290, a more accurate colour correction conversion matrix is calculated, thereby 
maximizing the efficiency of the present invention. 

In the above preferred embodiments of the present invention, it is preferable to perform the device-independent 
colour correction by outputting the output obtained by performing the colour correction process regarding the output 
of the photoelectric conversion unit 20 after converting into the CIE-XYZ colour coordinate system. Preferably, the 
colour image output unit receives the results and then outputs them after converting into CMYK colour coordinate 
system. 

When the image input unit is used singly or both the colour image input unit and colour image output unit are used, 
various situations can be encountered according to the settlement of the operating type. In addition, other new units 
rather than the colour image input unit and colour image output unit can be added. The colour distortion characteristic 
generated by the added devices can be removed easily in the colour correction process according to the present 
invention. 

In the present invention, units for performing the input/output are explained as examples. It is also possible to use 
other colour image input/output units and colour processing unit, i.e., a monitor, printer, communication unit and a 
camera are easily applied to the present invention. 

As described above, according to the colour correction apparatus and method of the image system according to 
the present invention, in order to perform the colour correction process regardless of the spectrum characteristic of 
the spectral optical system, age-based variation and individual variation of the light quantity, the gray level correction 
which linearizes the output of the image sensor according to the 3-wavelength bandwidth. Afterwards, the reference 
colorimetric data previously measured from the test pattern for measuring the colour correction is stored in the storage 
medium, and the colour correction process is performed so that the error between the scanning data obtained by 
scanning the measuring test pattern and the reference colorimetric data can be the minimum. Accordingly the colour 
correction can be performed without using the optical densitometer or the colorimeter, and the operation for correcting 
the colour can be performed without knowledge of the colour coordinate system or colour signal. 

In the embodiment where the input/output feedback loop is formed in the present invention, it is unnecessary to 
perform a separate external operation for calculating the colour correction coefficient. Since the operation process is 
also performed inside the image system, it is possible to realize the image system having the colour correction per- 
formance which is easy and efficient. 

While the colour correction is performed at any time in the related arts to adaptively process the age-based variation 
of the image caused by the variation of the operation condition or environment, the colour correction according to the 
present invention is performed by only scanning the prescribed test pattern through the colour image input unit. 

In addition, since device-independent colour correction can be performed, the efficiency is maximized when the 
image systems are connected mutually through communication networks. 

While there have been illustrated and described what are considered to be preferred embodiments of the present 
invention, it will be understood by those skilled in the art that various changes and modifications may be made, and 
equivalents may be substituted for elements thereof without departing from the true scope of the present invention. In 
addition, many modifications may be made to adapt a particular situation to the teaching of the present invention without 
departing from the central scope thereof. Therefore, it is intended that the present invention not be limited to the par- 
ticular embodiment disclosed as the best mode contemplated for carrying out the present invention, but that the present 
invention includes all embodiments falling within the scope of the appended claims. 

Claims 

1. A colour correction apparatus for an image system including a photoelectric conversion unit which radiates an 
illuminating light having a certain light emitting spectrum to an object and outputs spectral information regarding 
each of the RGB colours reflected from said object after converting the information into electrical signals, compris- 
ing: 

a reference data storage unit which stores a reference gray level data and a reference colorimetric data meas- 
ured from an achromatic test pattern and a chromatic test pattern of a preset test pattern, respectively, by 
accumulating the data in a database system; 

a correction coefficient calculating unit including a colour correction coefficient calculating unit which calculates 
a colour correction coefficient matrix which reduces an error between a colorimetric scanning data and said 
reference colorimetric data to the minimum according to a specified colour correction method after receiving 
said colorimetric scanning data obtained by scanning said chromatic test pattern through said photoelectric 
conversion unit; and 
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a colour correction unit including a colour correction processing unit which receives said colour correction 
coefficient matrix from said correction coefficient calculating unit, performs a linear transformation applying 
said colour correction coefficient matrix to an output of said photoelectric conversion unit and then outputs the 
result after converting into a specified colour coordinate system. 

2. The apparatus of Claim 1, wherein said correction coefficient calculating unit further comprises a gray level cor- 
rection coefficient calculating unit for calculating a gray level correction coefficient matrix which reduces an error 
between a gray level scanning data and said reference gray level data to the minimum after receiving said gray 
level scanning data obtained by scanning said achromatic test pattern through said photoelectric conversion unit. 

3. The apparatus of Claim 2 t wherein said colour correction unit further comprises a gray level correction processing 
unit which receives said colour correction coefficient matrix from said gray level correction coefficient calculating 
unit, performs the linear transformation applying said gray level correction coefficient matrix to the output of said 
photoelectric conversion unit and then applies the outputs to said colour correction processing unit. 

4. The apparatus of Claim 2 or Claim 3, wherein said correction coefficient calculating unit further comprises a colour 
correction conversion matrix calculating unit which calculates a colour correction conversion matrix through a 
matrix multiplication in the order of said gray level correction coefficient matrix and colour correction coefficient 
matrix. 

5. The apparatus of Claim 4, wherein said colour correction unit performs the linear transformation applying said 
colour correction conversion matrix to the output of said photoelectric conversion unit, and then outputs the output 
of said photoelectric conversion unit after converting into a specified colour coordinate system. 

6. The apparatus of Claim 1 , further comprising a colour image output unit which reads said reference gray level data 
and reference colorimetric data from said first reference data storage unit and outputs an output test pattern in- 
cluding an achromatic output pattern and a chromatic output pattern, respectively. 

7. The apparatus of Claim 1 , further comprising a colour image output unit which reads said reference gray level data 
and reference colorimetric data from a second reference data storage unit after locating said second reference 
data storage unit which is a storage medium similar to said first reference data storage unit therein, and outputs 
an output test pattern including an achromatic output pattern and a chromatic output pattern, respectively. 

8. The apparatus of Claim 1 , wherein said first reference data storage unit comprises: 

a reference gray level data storage unit which stores said reference gray level data measured through an 
optical densitometer from said achromatic test pattern by accumulating the data in the database system; and 
a reference colorimetric data storage unit which stores said reference colorimetric data measured through a 
colorimeter from said chromatic test pattern by accumulating the data in the database system. 

9. The apparatus of Claim 1 , wherein said test pattern includes said achromatic test pattern on which an achromatic 
colour is divided equally at certain positions according to the optical density; and said chromatic test pattern using 
a Macbeth colour rendition chart on which a plurality of chromatic colours are divided equally at other positions. 

10. The apparatus of Claim 1 , wherein said specified colour correction method is one of either a linear transformation 
method, a polynomial transformation method or a 3-dimensional look-up table method. 

11. The apparatus of Claim 1 , wherein said specified colour coordinate system is the XYZ colour coordinate system 
of the Commission International de I'Eclairage (CIE). 

12. A colour correction method for an image system which performs a colour correction process through a linear 
transformation applying a colour correction conversion matrix to an input data obtained by scanning an input target 
document comprising the steps of: 

generating first scanning data of a first gray level scanning data and a first colorimetric scanning data by 
scanning an achromatic test pattern and a chromatic test pattern of a preset test pattern, respectively; 
calculating a first gray level correction coefficient for calculating a first gray level correction coefficient matrix 
which reduces an error between a reference gray level data and said first gray level scanning data to the 
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minimum by reading said reference gray level data from a storage medium which stores said reference gray 
data previously measured from said achromatic test pattern; 

performing a first gray level correction for acquiring a linearity of gray level characteristics regarding each 
colour by generating a first gray level correction colorimetric data through the linear transformation applying 
said first gray level correction coefficient matrix to said first colorimetric scanning data; 
calculating a first colour correction coefficient for calculating a first correction coefficient matrix which reduces 
an error between a reference colorimetric data and said first gray level correction colorimetric data to the 
minimum according to a specified colour correction method by reading said reference colorimetric data from 
the storage medium which stores said reference colorimetric data previously measured from said chromatic 
test pattern; and 

calculating a first colour correction conversion matrix through a matrix multiplication in the order of said first 
gray level correction coefficient matrix and first colour correction coefficient matrix, and setting said first colour 
correction conversion matrix as said colour correction conversion matrix. 

13. The method of Claim 12, further comprising the steps of: 

generating an output test pattern including an achromatic output pattern and a chromatic output pattern by 
outputting a first colour correction data generated by the linear transformation applying said first colour cor- 
rection conversion matrix to said first gray level scanning data and first colorimetric scanning data through a 
colour image output unit; 

generating second scanning data of a second gray level scanning data and a second colorimetric scanning 
data by scanning said achromatic output pattern and chromatic output pattern included in said output test 
pattern, respectively; 

calculating a second gray level correction coefficient for calculating a second gray level correction coefficient 
matrix which reduces an error between said reference gray level data and second gray level scanning data 
to the minimum by reading said reference gray level data from the storage medium which stores said reference 
gray level data; 

performing a second gray level correction for acquiring the linearity of gray level characteristics regarding each 
colour by generating a second gray level correction colorimetric data through the lineartransformation applying 
said second gray level correction coefficient matrix to said second colorimetric scanning data; 
calculating a second colour correction coefficient for calculating a second colour correction coefficient matrix 
which reduces an error between said reference colorimetric data and second gray level correction colorimetric 
data to the minimum according to a specified colour correction method by reading said reference colorimetric 
data from the storage medium which stores said reference colorimetric data; and 

calculating a second colour correction conversion matrix through the matrix multiplication in the order of said 
second colour correction coefficient matrix, second gray level correction coefficient matrix and said first colour 
correction conversion matrix, and setting said second colour correction conversion matrix as said colour cor- 
rection conversion matrix. 

14. The method of Claim 13, wherein said test pattern includes said achromatic test pattern on which an achromatic 
colour is divided equally at certain positions according to the optical density; and said chromatic test pattern using 
a Macbeth colour rendition chart on which a plurality of chromatic colours are divided equally at other positions. 

15. The method of Claim 13 or 14, wherein said specified colour correction method is one of either a linear transfor- 
mation method, a polynomial transformation method or a 3-dimensiona! look-up table method. 

16. The method of Claim 13, wherein the data colour-corrected through the linear transformation applying said colour 
correction conversion matrix to said input data are output after converting into the XYZ colour coordinate system 
of the Commission International de I'Eclairage (CIE). 

17. A colour correction method for an image system which performs a colour correction process through a linear 
transformation applying a colour correction conversion matrix to an input data obtained by scanning an input target 
document comprising the steps of: 

generating an output test pattern including an achromatic output pattern and a chromatic output pattern by 
reading a reference gray level data and a reference colorimetric data previously measured from a achromatic 
test pattern and a chromatic test pattern of a preset test pattern, respectively from a storage medium and 
outputting said reference gray level data and reference colorimetric data through a colour image output unit; 
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generating scanning data of a gray level scanning data and a colorimetric scanning data by scanning said 
achromatic output pattern and chromatic output pattern included in said output test pattern, respectively, 
through an colour image input unit; 

calculating a gray level correction coefficient for calculating a gray level correction coefficient matrix which 
reduces an error between said reference gray level data and gray level scanning data to the minimum by 
reading said reference gray level data from the storage medium which stores said reference gray level data; 
performing a gray level correction for acquiring a linearity of gray level characteristics regarding each colour 
by generating a gray level correction colorimetric data through the linear transformation applying said gray 
level correction coefficient matrix to said colorimetric scanning data; 

calculating a colour correction coefficient for calculating a colour correction coefficient matrix which reduces 
an error between said reference colorimetric data and gray level correction colorimetric data to the minimum 
according to a specified colour correction method by reading said reference colorimetric data from the storage 
medium which stores said reference colorimetric data; and 

calculating a colour correction conversion matrix through a matrix multiplication in the order of said colour 
correction coefficient matrix and gray level correction coefficient matrix. 

18. The method of Claim 17, wherein said specified colour correction method is one of either a linear transformation 
method, a polynomial transformation method or a 3-dimensional look-up table method. 

19. The method of Claim 17, wherein the data colour-corrected through the linear transformation applying said colour 
correction conversion matrix to said input data are output after converting into the XYZ colour coordinate system 
of the Commission International de I'Eclairage (CIE). 
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